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MASSIVE SYNTHESIS METHOD OF DOUBLE-WALLED CARBON NANOTUBES 

USING THE VAPOR PHASE GROWTH 



Technical Ftelri 

The present invention relates to a method of synthesizing double-walled carbon 
nanotubes. and more partlculariy. to a method of massively synthesizing double-walled 
carbon nanotubes using a vapor phase growth. 

. BaclcarQund Arf 

A carbon nanotube is a graphite sheet curled In a cylindrical shape. According 
to the number of graphite sheets, carbon naotubes are classified into single-walled 
carbon nanotubes having a single graphite sheet, double-walled carbon nanotubes 
havmg double graphite sheets, and multiwalled carbon nanotubes having three or more 
graphite sheets. 

Since the double-walled carbon nanotube has the advantages of both the 
slngle-wailed carbon and the multiwalled carbon nanotube. Its various applications In an 
electron emission device, an electronic device, a sensor, a high strength composite 
material and the like are anticipated. To use the double-walled carbon nanotube it is 
essentially requested to synthesize a high purity double-walled carbon nanotube ' 
inexpensively and massively. 

As methods of synthesizing the double-walled carbon nanotube. there are an 
electric discharge method and a vapor phase synthesis method. When using the 
electric discharge method, an amorphous carbon material is generated as a by-product 
in addition to carbon nanotubes. Accordingly, to obtain high purity carbon nanotubes 
thermal and chemical filtration is essentially required. Also, it Is difficult to massively ' 
and inexpensively synthesize carbon nanotubes using the electric discharge method 

Due to the above difficulties, the vapor phase synthesis method is gaining 
popularity as an alternative to synthesize the high purity carbon nanotube inexpensively 
and massively. Then, when double-walled carbon nanotubes are synthesized by 
various vapor phase synthesis methods reported up to now. production yield of the 
double-walled carbon nanotube is very low. and massive single-walled nanotube and 
amorphous carbon particles are created together with the double-walled carbon 
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nanotube. 
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Disclosurfi nf the Invention 

The present invention provides a metliod of massively synthesizing high purity 
double-walled carbon nanotubes having a diameter less than a few nanometers by a 
vapor phase method. 

According to an aspect of the present Invention, there Is provided a method of 
synthesizing double-walled carbon nanotubes. In the method, catalyst metal particles 
composed of Fe, Co. Ni, Mo or an alloy of these elements and having a size of 2-5 nm 
are embedded in nano pores of a support material powder composed of MgO, AI2O3, 
zeolite or silica. 

Then, the support material powder in which the catalyst metal particles are 
embedded is sintered. Thereafter, the double-walled carbon nanotubes are fomied by 
supplying a carbon source gas to the catalyst metal particles embedded in the support 
material powder and reacting the carbon source gas with the catalyst metal particles. 

To embed the catalyst metal particles in the nano pores of the support material 
powder, a first solution including the catalyst metal particles is made. Then, the first 
solution is mixed with the support material powder to fomi a second solution. Moisture 
Included in the second solution is removed. The removing of moisture is performed in 
20 a vacuum oven for 15 hours at a temperature of 150 "C. Thereafter, the support 
material powder including the catalyst metal particles is ground to form the support 
material powder in which the catalyst metal particles are embedded. 

The sintering may be performed in air atmosphere for 6 - 12 hours at a 
temperature of 700 - 900 »C. The double-wailed carbon nanotubes are formed by 
loading the support material powder embedding the catalyst metal particles in a reactor, 
which is maintained at a temperature of 700 - 1 100 "C, vaporizing a carbon source 
solution of an evaporator, and supplying the vaporized cariaon gas. 

According to the present invention, since the catalyst metal particles are 
embedded in and fixed to nano pores of the support material powder, movement of the 
catalyst metal particles is suppressed even at high temperature, it becomes possible to 
massively synthesize double-walled carbon nanotubes having a uniform diameter. 
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Brief Description of the Drawings 



2 



wo 2004/083113 



PCT/KR2004/000577 



The above and other features and advantages of the present Invention will 
become more apparent by describing In detail exemplary embodiments thereof with 
reference to the attached drawings In which: 

FIGS. 1 and 2 are schematic views of an apparatus of synthesizing carbon 
nanotubes, which Is used In a method of synthesizing double-walled carbon nanotubes 
according to the present Invention; 

FIG. 3 Is a flowchart Illustrating a method of synthesizing double-walled carbon 
nanotubes according to the present Invention; 

FIG. 4 Is a schematic view Illustrating a synthesis mechanism of double-walled 
carbon nanotubes according to the present Invention; 

FIG. 5 Is a SEM photograph of double-walled carbon nanotubes formed by the 
method of the present Invention; and 

FIGS. 6 and 7 are TEM photographs of double-walled carbon nanotubes formed 
by the method of the present Invention. 

Best mod e for carrvino out the Invention 

The present Invention will now be described more fully with reference to the 
accompanying drawings, in which exemplary embodiments of the Invention are shown. 
The invention may, however, be embodied In many different forms and should not be 
construed as being limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the concept of the Invention to those skilled In the art. 

FIGS. 1 and 2 are schematic views of an apparatus of synthesizing 
double-walled carbon nanotubes using a method according to the present invention. 
The double-walled carbon nanotube Is synthesized using a vapor phase synthesis 
method. 

Referring to FIGS. 1 and 2, the apparatus includes a reactor 100, a heating coll 
disposed outside the reactor 100, for heating the reactor 100, and a boat 104 disposed 
Inside the reactor 100. The boat 104 Is a quartz boat or a graphite boat. A catalyst 
material where double-walled nanotubes are being grown Is loaded In the boat 104. 
The catalyst material 106 Is a powder support material containing catalyst metal 
particles. 

The reactor 100 has a gas Inlet 107 connected to an argon (Ar) gas supply 
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source 110 through a first gas supply pipe 1 08. The Ar gas supply source 1 10 shown 
in FIG. 1 IS connected to a second gas supply pipe 1 12 for supplying Ar gas to an 
evaporator 1 1 9 containing a carbon source solution, for example, alcohol therein The 
carbon source solution may be benzene, hexane. tetra hydrofuran (THF) or propanol 

The gas inlet 107 of the reactor 100 is connected to a third gas supply pipe 116 
through carbon source gas is supplied. The carbon source gas is vaporized by 
supplying Ar gas through the second gas supply pipe 1 12 connected to the Ar gas 
supply source 110. and is then supplied to the reactor 100 through the third gas supply 
pipe 116. 

In the synthesis apparatus shown in FIG. 2. the second gas supply pipe 1 12 is 
not connected to the Ar gas supply source 1 10 and a carbon gas supply source 118 is 
connected directly to the third gas supply pipe 116. Accordingly, the synthesis 
apparatus is supplied carbon source gas through the third gas supply pipe 116 
connected to the carbon gas supply source 118. 

The carbon source gas supplied from the carbon gas supply source 118 is for 
example, acetylene, methane, ethylene, propane. CO or the like. Both the supply 
methods of carbon gas shown in FIGS. 1 and 2 can be used and do not cause any 
trouble in synthesizing the double-walled carbon nanotubes of the present invention. 

A first valve 120. a second valve 122 and a third valve 124 are installed on the 
first gas supply pipe 108. the second gas supply pipe 1 12 and the third gas supply pipe 
1 1 6. respectively so as to block the gas supply to the reactor 1 00. The gases 
Introduced through the inlet 107 of the reactor 100 are moved in a direction indicated by 
an an-ow and is then exhausted through a gas outlet 126. 

In the synthesis apparatus of the double-walled carbon nanotubes using the 
vapor phase synthesis method, carbon source gas is supplied th.x)ugh the evaporator 
119 while the reactor Is kept in a contact temperature, or carbon source gas is supplied 
to the reactor 100. and then the double-walled carbon nanotubes are grown by the 
catalyst material 106 using the vapor phase synthesis method. When growing the 
double-walled carbon nanotubes. Ar gas Is supplied through 1 1 0 if necessary. 

FIG. 3 Is a flowchart illustrating a method of synthesizing double-walled carbon 
nanotubes according to the present invention, and FIG. 4 is a schematic view 
Illustrating a synthesis mechanism of double-walled carbon nanotubes according to the 
present invention. 
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Specifically, to synthesize the double-walled carbon nanotubes. it is essentially 
required to form catalyst metal particles having proper sizes and to supply proper 
carbon source gas necessary. To form the catalyst metal particles with proper sizes it 
IS necessary to select a support material having a size of a few nanometers and to 
adjust a concentration of the catalyst metal particles in a solution In which the catalyst 
metal particles are dissolved. Finally, the carbon source gas reacting with the catalyst 
metal particles should be properly supplied. At this time, a synthesis temperature acts 
as an important factor. 

The method of synthesizing double-walled carbon nanotubes according to the 
present invention includes three operations. In the first operation (operation 200) 
catalyst metal particles composed of Fe. Co. Ni. Mo or an alloy of the aforementioned 
metal elements and having a size of 2 - 5 nm are embedded in nano pores of a support 
material in powder fomi composed of MgO. AI2O3. zeolite or silica. 
The operation 200 will now be described in more detail. 
First, a solution containing catalyst metal particles is fabricated. (Operation 202) 
The solution containing catalyst metal particles is, for example, Fe(N03)3.9H20. 
FeCl2.9H20. C0SO4.XH2O. Co(N03)2.6H20, Ni(N03)2.6H20. NiS04.6H20 or the'like A 
solution containing the catalyst metal particles composed of Mo is prepared by diluting 
M0S2. M0CI2 or the like in deionized water, or by diluting solid Mo in deionized water. 
Thus, the solution containing catalyst metal particles is made by mixing the 
aforementioned materials and then diluting the mixed materials in deionized water for 1 



hour. 



Next, the solution containing catalyst metal particles is mixed with the mixed 
solution of the deionized water and the support material (I.e., support material powder) 
.n an ultrasonic apparatus for 1 hour, thereby fabricating a mixed solution (operation 
204). 

If the mixed solution containing the catalyst metal particles and the support 
material powder is a solution containing Fe. Ni or Co. Mo, and MgO, a molar ratio of Fe 
NiorCo:Mo:MgOis0.7-1 :0.1~0.3:10-13. If the mixed solution containing the 
catalyst metal particles and the support material powder is a solution containing Fe or 
Ni. Mo, and MgO. a molar ratio of Fe : Ni : Mo : MgO is 0.7 - 1 : 0.1 - 0.3 : 0.1 - 0.3 : 
10 -13. If the mixed solution containing the catalyst metal particles and the support 
material powder is a solution containing Fe or Co. Mo. and MgO. a molar ratio of Fe • 



wo 2004/083113 



PCT/KR2004/000577 



Co : Mb : MgO is 0.7 - 1 : 0.1 - 0.3 : 0.1 - 0.3 : 10 -13. 

Next, the mixed solution containing the catalyst metal particles and the support 
material powder is unloaded from the ultrasonic apparatus and is then dried In a 
vacuum oven for 15 hours at a temperature of 150 °C to remove moisture (operation 
206). Thereafter, to further miniaturize the support material powder, which moisture Is 
removed from and contains the catalyst metal particles, the support material powder is 
ground and pulverized in a mortar, and the catalyst metal particles are embedded In the 
pores of the pulverized support material powder (operation 208). 

Meanwhile, in the second operation of the synthesis method according to the 
present invention, the support material powder embedding the catalyst metal particles 
in the pores thereof is sintered (operation 300). Since the sintering increases the • 
suri^ace area of the support material powder, it is possible to increase density of the 
catalyst metal particles substantially participating in a reaction during the synthesis of 
the double-walled carbon nanotubes. 

Due to the sintering of the support material powder embedding the catalyst metal 
particles, since the catalyst metal particles can be property adjusted in a size of 2 - 5 
nm and are activated, it is possible to greatly increase the yield of the carbon 
nanotubes when synthesizing the carbon nanotubes. 

During the sintering, the support material powder embedding the catalyst metal 
particles is loaded in a fumace and is sintered in air atmosphere for 6 - 12 hours at a 
temperature of 700 - 900 »C. The sintering temperature and time can be adjusted, 
and hydrogen or argon gas may be used as an atmosphere gas. 

In the third operation of the synthesis method according to the present invention, 
as carbon source gas is supplied to the catalyst metal particles embedded on the 
support material, a catalyst reaction between the cartjon source gas and the catalyst 
metal particles occurs, so that the double-walled nanotubes are formed (operation 400). 

The fomiing of the double-walled carbon nanotubes will now be described in 
more detail with reference to FIGS. 1 through 4. First, the support material 1 06 
embedding the catalyst metal particles is provided in the boat 104. and the boat 104 is 
loaded in the reactor 100 (operation 402). 

Next. 1000 seem of argon gas is supplied to the reactor 100 while maintaining 
the reactor 100 at a predetermined temperature, for example, at a temperature of 700 - 
1 100 *C. (operation 404) 
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Next, When the synthesis apparatus of FIG. 1 is used, the supply of argon gas to 
the reactor 100 is stopped, and 1000 seem of argon gas is supplied to the evaporator 
119 for 10 minutes, thereby vaporizing carbon source solution, for example, alcohol, 
and vaporized carbon source gas Is supplied through the third gas supply pipe 116. 
The flow rate of the argon gas supplied to the evaporator 1 19 can be adjusted 
according to a size of the reactor 100. In addition to alcohol, the carbon source 
solution may be benzene, hexane, tetra hydrofuran (THF), propanol or the like. 

Meanwhile, when the synthesis apparatus of FIG. 2 is used, the supply of argon 
gas to the reactor 100 Is stopped, and carbon source gas, for example, acetylene is 
supplied in a flow rate of 40 seem through the third gas supply pipe 1 1 6 for 20 minutes. 
In addition to acetylene, the carbon source gas may be methane, propane, or CO. 
Accordingly, by the carbon source gas supplied to the reactor 100. a catalyst reaction 
occurs at the catalyst metal particles, so that the double-walled carbon nanotubes are 
synthesized (operation 406). 

It is preferable that the reactor 100 Is maintained at atmospheric state during the 
synthesis of the double-walled carbon nanotubes. After the synthesis of the 
double-walled carbon nanotubes is completed, the temperature of the reactor is 
gradually lowered while supplying argon gas In a flow rate of 500 seem to the reactor 
100. 

In the synthesis of the double-walled carbon nanotubes, the flow rate of argon 
gas supplied to the evaporator 1 19 Is property adjusted, or the flow rate of carbon 
source gas directly supplied to the reactor 1 00 is property adjusted. Accordingly, it is 
suppressed that excessive cartDon elements are supplied on a surface of the catalyst 
metal particles, amorphous carbon material adsorbed on the surface of the catalyst 
metal particles is removed, or it is suppressed that amorphous carbon clod or carbon 
particle is attached on an outer wall of the growing carbon nanotubes. 

The synthesis (growth) mechanism of the double-walled carbon nanotubes on 
the catalyst metal particles will now be described in more detail with reference to FIGS. 
1,2 and 4. 

The catalyst metal particles 505 are embedded in and fixed to nano pores 503 of 
the support material powder 501. When carbon source gas (ex. R-OH where R 
represents hydrocarbon) Is supplied to the reactor 100 into which the support material 
powder embedding the catalyst metal particles in the nano cores 503 thereof is loaded. 
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the supplied carbon source gas is pyrolysized in vapor phase, thereby forming carbon 
units (C=C or C) and free hydrogen (H^). Also, after the carbon units are adsorbed on 
surfaces of the catalyst metal particles 505. they are'diffused Inwardly and dissolved 
As the carbon units diffused Into an Inside of the catalyst metal particles 505 are 
accumulated, double-walled carbon nanotube starts to grow. If the carbon units are 
continuously supplied, the double-walled carbon nanotube 507 continues to grow from 
the catalyst metal particles by a catalyst action (reaction). 

Since the catalyst metal particles 505 are embedded In and fixed to the nano 
pores 503 of the support material powder 501. movement of the catalyst metal particles 
505 IS suppressed even In a high temperature required for the synthesis of the cart)on 
nanotubes. and accordingly it becomes possible to synthesize the double-walled cart)on 
nanotubes having a uniform diameter. 

Also, since the carbon nanotubes are synthesized on the catalyst metal particles 
supported in and fixed to the nano pores In an optimum carbon source supply condition 
amorphous carbon clods are not fomied and a high purity carbon nanotubes can be 
formed. Hence, the Invention does not need a filtering operation after the synthesis of 
the carbon nanotubes. 

FIG. 5 Is a SEM photograph of double-walled carbon nanotubes formed by the 
method of the present invention, and FIGS. 6 and 7 are TEM photographs of 
double-walled cartDon nanotubes fomned by the method of the present invention. 

Specifically, the cartjon nanotubes shown in FIG. 5 are samples not subjected to 
a filtering operation. As shown in FIG. 5. it Is understood that massive carbon tubes 
are synthesized without defects such as amorphous carbon clods. Also, the cart)on 
nanotubes shown in FIG. 5 have a diameter of 20-40 nm. In addition, the TEM 
photographs of FIGS. 5 and 6 show that the double-walled carbon nanotubes are 
formed. 

As described above, according to the present invention, since the catalyst metal 
particles are embedded In and fixed to nano pores of the support material powder 
movement of the catalyst metal particles Is suppressed even In a high temperature, it 
becomes possible t6 synthesize double-walled carbon nanotubes having a uniform 
diameter. 

Also, the present invention makes it possible to properly control the size of the 
catalyst metal particles at 2-5 nm and to activate the catalyst metal particles. 

8 
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Accordingly, since amorphous carbon clods are not formed, high purity carbon 
nanotubes can be formed and production yield of the carbon nanotubes can be 
enhanced. 

Further, since amorphous carbon clods are not formed, the synthesis method of 
5 the present invention does not need a filtering operation after the synthesis of the 
carbon nanotubes. Furthemiore, high purity double-walled carbon nanotubes can be 
synthesized massively by a simple method without using a complicated apparatus or a 
subsequent filtering operation. 

10 Industrial Applicability 

The method of synthesizing the double-walled carbon nanotube according to the 
present invention can be employed, for example, in an electron emission device, an 
electronic device, a sensor, a high strength composite material, and the like. 
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